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SUMMARY: Negative health consequences are associated with prolonged sedentary 

behaviour. Patients who require total knee replacements tend to be obese and sedentary and 

often do not increase activity levels post-operatively despite reductions in pain.  

Objectives: The purpose of this study was to determine the accuracy of ActiGraph and 
activPAL activity monitors in categorizing posture (e.g. sitting versus standing) in total knee 
replacement patients. Secondarily we were interested in examining data collected over 7 days 
as patients went about their normal routines. 
Methods:  Forty patients (50-80 years of age) wore an ActiGraph GT3X+ monitor on their waist 
and an activPAL monitor on their thigh during their 5-8 week post-operative visit with the 
surgeon. The patients were directly observed during this visit and all activity and postural 
changes were recorded for comparison with the activity monitor data. To further characterize the 
participants, height, weight, knee range of motion and 10m walk speed were also measured. 
Participants who were interested were then asked to wear an activity monitor over the next 7 
days while they went about their normal routine.  
Results/conclusions:  The activPAL had significantly better accuracy in detecting sedentary 
and upright postures (paired t-tests p<0.05).  There was a significant difference in sedentary 
predictive values (p<0.05) with the activPAL having a better predictive value.  No significant 
difference was found between monitors for upright predictive values.  Ten participants spent an 
average of 73.36% (+/- 10.77%) of monitor wear time in sedentary behaviours. This is more 
than research has shown in healthy populations. 
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Introduction 
 
Interest in studying sedentary behaviour has recently evolved as a popular area of 

health research.  Unfortunately, the term “sedentary” has often been used to describe 
individuals who do not meet physical activity guidelines rather than to describe habits 
associated with sedentary activities.   Examples of sedentary behaviour include sitting, driving 
and watching television.  It is defined by either a lack of, or very low intensity physical activity 
associated with low energy expenditure (<1.5METS) (1;2).  Sedentarism is the prolonged 
participation in sedentary behaviours and extended periods of rest.  Prolonged sitting time has 
been identified as a unique health risk which is independent of overall physical activity level.   
Studies have now begun to investigate how sedentary behaviour itself effects health outcomes 
(3).      

 
New evidence demonstrates that sedentary time is associated with numerous poor 

health outcomes, including an increased risk of obesity, type 2 diabetes, cardiovascular 
disease, and premature mortality (4).  Studies have found that healthy, predominantly 
overweight individuals spend 60%–66% of their waking hours in sedentary behaviours (5-7).  
Similarly a global assessment conducted in more than 60 countries determined that the elderly 
had the highest prevalence of sedentary behaviour, reporting a minimum of 4 hours of sitting 
time daily (8). It seems that the minimum recommended guidelines for physical activity are no 
longer sufficient for achieving positive health outcomes, but rather the timing of the physical 
activity may be more important especially in older adults and those with mobility issues.  
Focussing on the “non-exercise part of the activity continuum”(9) is a relatively new and perhaps 
a more realistic approach to investigating the health implications of sedentary behaviour.  The 
importance of using a whole-day approach to physical activity has also been the subject of 
various studies (4;5;8;10-19).  This approach, which stresses reducing sedentary time and 
increasing light intensity activity, is perhaps most relevant in those with mobility issues.  Such 
individuals are commonly amongst the most inactive of the population and meeting the 
minimum physical activity guidelines(20), recommended for health is often a challenge for them. 

 
  Patients post total knee arthroplasty (TKA) are perhaps one of the most at risk target 
populations health wise. Patient expectations of total knee arthroplasty are not always met, 
particularly those expectations related to increasing physical activity and weight loss.  In a 
population of patients one year after receiving total knee arthroplasty surgery, almost half of 
them did not meet the minimum physical activity guidelines for health benefits (14;21).  This 
may be due to a large percentage of time spent in sedentary activities, often a learned 
behaviour during the progression of disabling osteoarthritis (the most common reason for TKA).   
Increasing physical activity and reducing sedentary behaviour is particularly relevant as these 
individuals are often affected by mobility limitations. Research indicates that these patients are 
often unable to regain full function in the involved knee(s) (22-24) and daily physical activity 
levels lag behind those of healthy individuals in the same age group (25-28).   This is a 
concerning trend as the majority of these patients are overweight or obese, frequently have 
multiple risk factors for cardiovascular disease, and would benefit greatly from reduced 
sedentary behaviours and increased physical activity (29;30).  Recent data indicates that most 
people who have knee replacements actually gain weight in the years after surgery (31;32), 
which further compounds their risks for cardiovascular complications (33), progression of 
osteoarthritis in other weight-bearing joints (34), and excessive wear on the joint prosthesis itself 
(35).  The waiting period for elective TKA can be months or even years and many conditions, 
including osteoarthritis continue to progress and the patient’s health and function deteriorate 
while awaiting surgery.  As patients await surgery the progressive worsening of their condition 
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often increases the time spent in sedentary behaviours and the time they spend in activities of 
daily living often decreases due to fatigue, pain, or a loss of motivation (36). 
 

It is thought that after surgery, return to normal physical activity is often not attained. A 
few objective studies using accelerometer technology (25;37) determined that in an average 24 
hour period, patients spend approximately 8.1 hours in movement/physical activity before TKA.  
At 6 months post-surgery, this time increases to 9.1 hours.  This is only a 6% increase in 
physical activity.  The changes found suggest that 6 months after surgery, the activity level had 
not approached that of healthy subjects.  In contrast to a large effect on pain, stiffness and self-
reported physical functioning, improvement in actual physical activity was less than expected 
6 months after surgery(37).  Many studies which have looked at physical activity levels in 
patients after total knee arthroplasty (14;36;37;54-57) have used self-administered 
questionnaires to obtain their data.   Self-report questionnaires commonly used to assess 
physical activity and sedentary behaviour, have a number of limitations including recall bias, 
socially desirable responses, and the influence of mood, cognition, and disability on responses  
(38).  This approach to studying sedentary behaviour tends to focus on screen-based viewing 
behaviours which don’t capture the entire sedentary behaviour spectrum. Accelerometer 
technologies measure a spectrum of sedentary and light intensity activities, and are a promising 
tool for research.  These devices are able to detect time spent being active but their accuracy in 
detecting specific sedentary behaviours has not been extensively researched (39) 

 
The activPAL and ActiGraph are the most popular research accelerometers for 

measuring physical activity and make studying physical activity and sedentary behaviour 
increasingly more accurate and easy. (6;11;15;19;39-45). Worn on the hip, the ActiGraph 
monitor provides two types of information; physical activity intensity (activity count) 
measurements and inclinometer information.  Both types of information are used by the monitor 
to determine posture.  The inclinometer functions to detect standing, lying, sitting and “off” (40).  
The ActiGraph measures acceleration in three axes at a sampling rate of 30 Hz-100 Hz and can 
produce data in as little as 1 second samples (epochs)(46).   The activPAL, which is also a 
small lightweight (15g) activity monitor, is worn on the front of the thigh.  Unlike the ActiGraph, 
the activPAL is a uni-axial accelerometer which summarizes data in 15 s intervals (epochs) at a 
sampling frequency of 20 Hz (47). Because it is worn on the thigh, the activPAL is unable to 
distinguish between sitting and lying postures.  Similarly, because it is worn on the hip, the 
ActiGraph has difficulty distinguishing between sitting and standing postures. 

 
Recent studies are focussing more so on the specific use of accelerometer technology. 

The use of such technologies is less time consuming and more accurate. Both the ActiGraph 
and activPAL were validated in a study specifically looking at sedentary behaviour (42).   In 
another study, three accelerometers, including the ActiGraph, were analysed for their 
effectiveness (11).  Each of the three technologies was assessed for their accuracy in recording 
various sedentary and light-intensity activities in healthy subjects.  All three monitors were able 
to measure sedentary behaviours as well as light-intensity activities with relative accuracy (11). 
Most studies to date (6;11;15;19;39-45) were performed with healthy participants without 
physical mobility issues that often interfere with the ability to perform higher intensity physical 
activity.  A healthy body mass index (18.5-24.9) is the norm in studies looking at sedentary 
behaviour and there is a knowledge gap in terms of how an increased BMI may affect the 
accuracy of the activPAL and ActiGraph monitors.    Also, the performance of various postures 
and activities within a controlled environment can often be quite different than their performance 
under normal circumstances.  In assessing whether or not a device can differentiate between 
sedentary and light intensity activities, it is important to test this ability under everyday 
circumstances.   
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Objectives: The primary objective was to determine the accuracy of the activPAL and 
ActiGraph GT3X+ activity monitors in categorizing common daily activities in terms of 
anatomical position (sitting, standing, lying) in patients approximately 6 weeks post total knee 
arthroplasty. The secondary objective was to collect activity monitor data over 7 days in these 
same patients to begin to understand physical activity and sedentary behaviour patterns in 
these individuals in their “natural” environment. 
 
Materials/Methods  
 
Participants: Forty participants (mean age 66.15 years +/- 8.05, BMI 32.86 kg/m2 +/- 8.59), 24 
females and 16 males, who recently had primary elective total knee arthroplasty surgery were 
recruited to participate in this study through the Concordia Hip & Knee Institute.  Eighteen 
patients used a cane, 4 used a walker, and 18 did not require a gait aid.  Out of the 40 
participants recruited, 18 had left, 16 had right and 6 had bilateral TKA surgery.  
 
Ethics:  This study was approved by the Bannatyne Campus Research Ethics Board In May 
2013.  Patients were included in the study if they were between 50 and 80 years of age, had just 
received elective TKA within the past 5-8 weeks and could read and understand the English 
language.  After being informed of the purpose, risks and benefits, patients provided written 
consent.  Patients were excluded if they had difficulty understanding the purpose of the study or 
were unable to provide consent (language barrier, cognitive impairment). 
 
Experimental Design and Procedures  

 
At the clinic, participants were provided with an ActiGraph GT3X+ activity monitor to 

wear on a belt around their waist at the anterior superior iliac spine in a vertical position while 
standing.  An activPAL monitor was placed on the anterior thigh midway between the hip and 
knee joints using PALstickies™ (double-sided hydro-gel adhesive pads).  The activity monitors 
were worn on the non-surgical side (in unilateral total knee patients) and on the side that was 
first replaced in those with bilateral surgery.    

 
Participants were directly observed for the entire duration of their follow-up visit unless 

they needed to use the change room or washroom, in which case, privacy was granted.  A 
stopwatch was synchronized to the activity monitors prior to testing.  All changes in posture and 
activity were recorded (in 5s time frames) during their appointment.  During this visit to the 
Concordia Hip & Knee Institute, patients also completed the Oxford 12 Knee Questionnaire 
(48;49).  Height and weight were measured using a standard floor scale/stadiometer (with shoes 
removed).  Active range of motion of the involved knee(s) was measured with a goniometer. 
Participants were also timed as they completed a 10m walk at a comfortable speed and at a 
faster speed if they were able.  Two repetitions of each speed were performed and an average 
speed determined.  At the end of the follow-up visit, if participants were interested they were 
asked to continue to wear the ActiGraph GT3X+ monitor for 7 days as they went about their 
normal routine.  They were given an addressed and postage paid Express Post envelope to 
return the monitor in the mail.  
 
Data and Statistical Analyses:   Physician Follow-up Appointment Data 
 

ActiLife 6.11.1 software was used to initialize and download the ActiGraph monitors. 
Data was collected on 40 patients totalling 54,900 seconds (900minutes).  Physician follow-up 
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visit ActiGraph data was analyzed in 5 second epochs.  ActivPAL TM Professional Research 
Edition software (Version 5.9.1.1) was used to initialize and analyze activPAL accelerometer 
data.  Data obtained from activPAL monitors was analyzed in 15 second epochs.  Because of 
this difference in epoch length, ActiGraph data was later analyzed in 15 second epochs for 
comparison between monitors.  Because of its placement on the thigh, the activPAL 
inclinometer is unable to distinguish between sitting and lying and instead separates output data 
into sedentary (sitting and/or lying) and upright (standing) postures.  However, the ActiGraph 
separates data into the three categories of sitting, lying and standing.  In order to compare the 
two monitors, the ActiGraph data had to be analyzed combing the sitting and lying data into one 
sedentary category.  All downloaded data were converted to Microsoft excel spreadsheets for 
final data analysis.   
 

The inclinometer function of both monitors was tested for its ability to accurately identify 
sedentary and upright postures in comparison to direct observation.  SigmaPlot, Version 11.0 
(Systat Software Inc., Chicago, IL) was used for statistical analyses.  Accuracy [(Posture time 
correctly identified by the monitor / Actual Time in posture) X 100] and predictive value [(Posture 
time correctly identified by the monitor/total time the monitor detected posture) X 100] were 
determined for each patient and each of upright/standing for both monitors and sedentary 
(activPAL) and sitting/lying (ActiGraph).  Paired t-tests (and Wilcoxon Signed Rank tests for 
non-normal data) were run to compare the accuracy and predictive values for the monitors.  The 
participant data were then separated based on body mass index (BMI) classification (healthy, 
overweight, and obese).  A series of two-way ANOVA tests with repeated measures were used 
to investigate between (BMI group) and within (device) factors, with accuracy and predictive 
value as dependent variables (each for both sedentary and upright postures).  Post hoc pairwise 
comparisons were done with Tukey’s test.  Bland-Altman plots  were also generated for each 
monitor for sedentary and upright postures to assess systematic bias and outliers(50). 
 
  Data analysis:  7 Day Data  
 

Data collected over seven days were analyzed using the ActiLife software (version 
6.11.1).  Wear time was first validated in order to exclude monitor off time from sedentary 
behaviour using the wear time validation tab provided with the software.  Freedson Adult 1998 
cut points were used in determining sedentary, moderate and vigorous activity intensities. 
Percent time in each physical activity intensity category using accepted acceleration cut-points; 
Sedentary (0-99), light (100-1951), moderate (1952-5724), vigorous (5725-9498) and very 
vigorous (9499 and above), was determined along with the absolute number of minutes after 
validating for wear time (51).  Using the inclinometer data as provided from the ActiLife 
software, posture was analyzed.  The software provides a breakdown of time spent in 
sedentary, light, moderate, vigorous and very vigorous activities as well as posture information. 
Figures 1 and 2 show sample graphs produced using the ActiLife software from one 
participant’s seven day data.  Using predetermined criteria for sedentary behavior analysis of at 
least 66 hours of total wear time or 5 days of at least 10 hours/day wear time (39;42;44;52), 
patient data were analyzed for sedentary behaviour and posture. 
 
Results: 

 
All 40 patients were included in the physician follow-up appointment data analysis.  

Patient function in activities of daily living was assessed using the Oxford knee score (mean 
score 35.53 +/- 7.25).  Range of motion of affected knee(s) was measured with an average of 
7.83° +/- 4.09° lacking in extension, and 96.67° +/- 18.62° of attainable flexion.  Walking speed 
was only assessed in 37 patients as 3 were unable to complete the 10m test.  Thirty patients 
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were able to perform the walking test at both slow and fast paces.  Average walking speed 
(slow/comfortable pace) was 1.04 +/- 0.09 m/s and the average fast pace was 1.16 +/- 0.27 m/s.   
 

For the 40 patients, the activPAL showed significantly better accuracy in detecting both 
sedentary and upright postures (paired t-tests p<0.05).  Accuracy for the ActiGraph and 
activPAL monitors in detecting sedentary postures was 58.4% and 89.9% respectively.  
Accuracy for upright postures was 54.3% for the ActiGraph monitor and 83.6% for the activPAL.  
Predictive values for sedentary postures were 92.8% for the ActiGraph and 99.9% for the 
activPAL. A significant difference was found for the sedentary predictive values (p<0.05) with 
the activPAL having a better predictive value.  No significant difference was found between 
upright predictive values of 83.8% for activPAL as compared to 70.7% for the ActiGraph.  Table 
1 shows the accuracy and predictive values for sedentary and upright postures for both the 
ActiGraph and activPAL monitors for the 40 patients in the study.  Bland Altman plots were also 
created in order to demonstrate the range of distribution of data (figures 3-6).  

 
When analysed based on BMI classification (Table 2), there were 7 individuals in the 

healthy BMI range (18.4-24.9 kg/m2), 13 overweight (25-29.9 kg/m2) and 21 in the obese (30+ 
kg/m2) classification.  The accuracy in detecting sedentary postures in the activPAL was 
97.36%% as compared to the ActiGraph 43.9% in healthy participants.  In the overweight 
population the activPAL was 97.57% accurate as compared to the ActiGraph accuracy of 
46.3%.  In the obese participants the ActiGraph accuracy mean was 72.22% and the activPAL 
accuracy was 82.55%.  Analysis for the sedentary predictive value showed that in the healthy 
participants the activPAL had a mean sedentary predictive value of 99.47% as compared to the 
ActiGraph 81.17%.  In the overweight population the activPAL predictive value was 99.89% as 
compared to the ActiGraph predictive value of 97.59%.  The ActiGraph monitor showed a 
predictive value of 93.75% and the activPAL 100% in the obese participants. When analyzing 
for upright postures, in healthy participants the activPAL was more accurate 88.85% compared 
to the ActiGraph 64.32%.  Overweight participant data showed activPAL upright accuracy of 
85.05% as compared to 53.15% by the ActiGraph monitor.  In the obese group the activPAL 
accuracy exceeded that of the ActiGraph monitor as well, 81.58% and 52.75% respectively.  
Upright predictive value in the healthy population was 91.88% for the activPAL and 55.92% for 
the ActiGraph.  Upright predictive values in the overweight population were determined to be 
95.85% and 81.3% in the activPAL and ActiGraph respectively.  In the obese population these 
values were 72.57% for the activPAL and 68.91% for the ActiGraph.   

 
Results of the repeated measures ANOVA tests indicated that in terms of sedentary 

accuracy there was a significant interaction between BMI and monitor type such that the 
activPAL demonstrated greater accuracy compared to the ActiGraph for the healthy and 
overweight groups (p<0.05).  For upright posture accuracy, the interaction term was not 
significant. There was a main effect for monitor type demonstrating that the activPAL was more 
accurate than the ActiGraph monitor (for all groups, p<0.05).  There was a significant interaction 
between BMI and monitor type for sedentary predictive value.  The activPAL demonstrated 
greater predictive value than the ActiGraph for the healthy and obese groups.  The ActiGraph 
monitor had greater predictive value in the overweight group compared to the healthy group 
(p<0.05).  The interaction term was not significant for upright predictive value.  There was a 
main effect for monitor type demonstrating that the activPAL had greater predictive value than 
the ActiGraph monitor (significant for the healthy BMI group, p<0.05). 

 
Pilot data was collected over 7 days in 13 participants.  Patients were instructed to wear 

the monitor during waking hours only.  Three participants were excluded based on lack of wear 
time; less than 66 total hours or less than 5 days of 10 hours/day wear time time (39;42;44;52) .  
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The remaining 10 participants had a mean wear time of 83 hours, 36 minutes and 47 seconds 
(5016.78 +/- 442.78 minutes).  This equated to an average of 44.5% wear time over the seven 
days.  On average patients spent 73.36% (+/- 10.77 %) of total monitor wear time in sedentary 
behaviours.  In evaluating postural activity over the seven days, patients spent on average 
28.93 hours (34.61%) of their wear time in standing, 45.52 hours (54.45%) in sitting and 9.64 
hours (11.53%) in lying.  This translated to patients spending on average 4.13 hours/day in 
standing, 6.50 hours/day in sitting and 1.38 hours/day in lying.  Participants in this study spent 
an average of 0.46 hours (1.92%) in moderate to vigorous physical activity per day.  Participants 
spent 73.36% of their wear time in sedentary behaviours and 22.01% in light intensity activities.  
 
DISCUSSION  
 

The activPAL and ActiGraph are very popular tools used in current research measuring 
physical activity and sedentary behaviour.  Their use makes studying physical activity and 
sedentary behaviour increasingly more accurate and efficient (11;15;41-43;45;53).  The 
ActiGraph, has been analysed for its accuracy in recording various sedentary and light-intensity 
activities in healthy subjects (11). Both the ActiGraph and activPAL were validated in a study 
specifically looking at sedentary behaviour (42).  Unfortunately, there is a gap in the literature as 
to how accurate these monitors are in people with mobility issues and increased body mass 
index.  Many studies have validated these monitors in what they term “typical” adult populations 
(4;13;17;40-42;44;45;53), which generally refer to healthy adults without known medical 
conditions.  Studies which have looked at physical activity levels in patients after total knee 
arthroplasty (14;36;37;54-57) have most often used self-administered questionnaires to obtain 
their data, and these can often be inaccurate due to various factors such as broad 
summarizations, timing of filling out the questionnaire, interpretation of questions, recall bias 
and the tendency to report good outcomes(13;58;59).   
 

Over the 40 patients in this study, the activPAL showed significantly better accuracy 
compared to the ActiGraph in detecting both sedentary and upright measurements (paired T-
Tests p<0.05).  A significant difference was also found for the sedentary predictive values 
(p<0.05), which were 92.8% for the ActiGraph and 99.9% for the activPAL.  No significant 
difference was found between upright predictive values of 83.8% for the activPAL as compared 
to 70.7% for the ActiGraph.  Predictive value of the monitors is perhaps the more important 
value as it determines whether or not we can trust the output data.  Accuracy only takes into 
consideration correctly identified postures, whereas the predictive value includes how often the 
monitors detected a posture incorrectly, for example indicating that an individual is standing 
when they were actually sitting.  Generally, the results may be explained by the position of the 
two monitors.  The activPAL, being positioned on the anterior thigh, is unable to distinguish 
between sitting and lying and combines those postures into a sedentary category.  The 
difference in incline angle between sedentary and upright is quite large and hence, the monitor 
is expected to be rather accurate in distinguishing between the two.  The ActiGraph monitor 
provides two types of information; physical activity intensity (activity count) measurements and 
inclinometer information.  Both types of information are used to determine posture and increase 
accuracy of the monitor.  The position of the ActiGraph on the hip may contribute to 
discrepancies in sitting and standing where the angle of incline may not always differ to a 
significant extent, especially if an individual sits very upright.  This was often a discrepancy 
noted with the GTX3+.   

 
 On average patients in this study spent 73.36% (+/- 10.77 %) of monitor wear time in 
sedentary behaviours. This is more than the amount of sedentary behaviour in adults >60 years 
of age, which previous studies have concluded to be <66% of waking hours (4-8;40).  In 
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evaluating postural activity, patients spent on average 6.50 hours/day in sitting, 1.38 hours/day 
in lying and 4.13 hours/day in standing.  When compared to established values for adults >60 
years of age the amount of time spent standing was less than the typical 9.1 hours/day (40;60).  
A number of studies have shown that older adults typically spend <60-66% of their waking 
hours in sedentary behaviours, 30-34% in light intensity and 2-4% in moderate to vigorous 
intensity physical activity (5;7;15;40;45).  Faisal (2013), using the ActiGraph GTX3+, showed 
that a typical 24 hour cycle in older adults consists of  31.25% (7.5 hours) of sleep 39.17% (9.4 
hours) in sedentary behaviours, 27.08% (6.5 hours) of light intensity activity and 3.13% (0.75 
hours) of moderate to vigorous physical activity.  In terms of waking hours, this translates to 
56.97% in sedentary behaviour, 39.39% in light intensity and 4.55% in moderate to vigorous 
intensity activity (40).  Because patients were instructed to take off the monitors at bed time, 
time spent sleeping was not assessed in our study.  Participants in this study spent a much 
greater percentage of waking hours in sedentary behaviours; 73.36% and less time in both light 
intensity; 22.01% and moderate to vigorous intensity; 1.92%.  Participants in this study spent far 
less time in moderate to vigorous physical activity per day than the typical older adult, less time 
in light intensity activity, and far more time engaged in sedentary behaviour, suggesting that at 
5-8 weeks post TKA, patients still have some limitations in terms of physical activity.   

 
Evaluation of the increased amount of sedentary time along with a reduction in standing 

and in hours of moderate to vigorous physical activity, suggest that patient views on reduction in 
pain and increase in function has not yet translated to increased activity at 5-8 weeks post TKA.  
Subjective evaluations of pain and function are often analysed using the Oxford knee 
questionnaire (60). This questionnaire allocates a score of 1 for the least limited response, such 
as no pain and 5 for the most severe such as impossible to do.  The score is generally reported 
out of 60 with a lowest/best score possible of 12. What constitutes a good score is based on 
clinical experience.  Studies have shown that an average pre-op score is 44 and at 6 month 
follow-up the score is reduced to 29, indicating improved patient pain and function (60-62).  The 
40 participants in this study had a mean Oxford knee Score of 35.53 suggesting that some 
improvement in pain and function occurs by 5-8 weeks post TKA.  Objective studies such as 
this, have determined that on average patient physical activity levels often do not return to 
normal age expected levels after total knee arthroplasty.  Although large improvements may be 
seen in pain and patient perceived function, improvement in actual physical activity is less than 
expected (25-28;36;37;56;57;63). The limitations in range of motion of the knee may play a role.  
The mean flexion arc in this study was 7.83°-100.94°.  Functional range of motion at the knee is 
different for various activities; inclines require less than 90 degrees of knee flexion, stairs and 
chairs 90-120 degrees of flexion and a bath approximately 135 degrees of flexion (64).  At 5-8 
weeks post-op, some patients may still lack significant range of motion in the knee for various 
activities of daily living.  

 
Time spent in activities requiring low levels of energy expenditure have been linked to 

various adverse effects on health including weight gain, cardiovascular effects and type 2 
diabetes (2;4;10;63;65-67).  Increased sedentary behaviours are seen in individuals who are 
overweight as well as those with mobility issues.  Patients awaiting TKA fall into both categories.  
Often the prolonged wait time for elective surgery can compound the effects of increased BMI 
and inability to participate in physical activity due to pain and decreased function.  Considering 
that 85% of patients in this study fell into the overweight and obese categories of BMI, this 
patient group was already at an increased risk of adverse health effects.  A year of primarily 
sedentary behaviour while waiting for surgery not only has adverse effects on health, but also 
often leads to habitual sedentary behaviours which do not change post TKA 
(14;37;55;63;68;69). 
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Strengths of this study include the use of an objective measurement of overall sedentary 
behaviors.  Accelerometer cut point selection was based on a validation study in adults(51).  An 
additional strength of our study was patient compliance with the measurement procedures.   
77% of patients who agreed to take home the ActiGraph monitor for 7 days were able to be 
included in data analysis based on established requirements of 66 hours total wear time or 5 
days of 10 hours/day (19;38-40;42;44;52).  This suggests that our methods provide useful 
estimates of the population mean for amount of time spent in sedentary behavior in patients 5-8 
weeks post TKA.    

 
Limitations of our study should also be considered.  The assessment of sedentary 

behaviours using accelerometers is relatively new and our estimates of time spent in these 
behaviors are sensitive to the cut points employed.   The small sample size in our seven day 
data (n=10) must also be taken into consideration as any values that were extreme (low 
sedentary or very high sedentary) may skew the data in such a small sample size. 

 
Conclusions:  
 

 In conclusion, both the activPAL and ActiGraph monitors are effective tools for 
measuring sedentary behaviours, however the activPAL has a significantly better profile when 
body mass index is taken into consideration.  Many healthy older adults spend the majority of 
their waking time in sedentary behaviors, however patients post total knee arthroplasty, spend 
even more time being sedentary.   
 
  



Pollard, Gail F 
 

10 
 

Reference List 
 

 (1)  Katzmarzyk PT. Sitting time and mortality from all causes, cardiovascular disease, and 
cancer.  Med Sci Sports Exerc 2009;41:998-100. 

 (2)  Tremblay MS, Colley RC, Saunders TJ, Healy GN, Owen N. Physiological and health 
implications of a sedentary lifestyle. Appl Physiol Nutr Metab 2010;35(6):725-40. 

 (3)  Bennett JA, Winters-Stone K, Nail LM, Scherer J. Definitions of sedentary in physical-
activity-intervention trials: a summary of the literature. J Aging Phys Act 
2006;14(4):456-77. 

 (4)  Healy GN, Matthews CE, Dunstan DW, Winkler EA, Owen N. Sedentary time and 
cardio-metabolic biomarkers in US adults: NHANES 2003-06. Eur Heart J 
2011;32(5):590-7. 

 (5)  Matthews CEl.  Amount of time spent in sedentary behaviors in the United States, 
2003-2004. American Journal of Epidemiology 2008;167(7):875-81. 

 (6)  Davis MG. Objectively measured physical activity in a diverse sample of older urban 
UK adults. Med Sci Sports Exerc 2001;(43):647-54. 

 (7)  McLennan W PA. National nutrition survey users' guide. [48010]. 1998. Canberra, 
ACT:   Australian Bureau of Statistics.  

 (8)  Hallal PC. Global physical activity levels: surveillance progress, pitfalls, and 
prospects.. Lancet 2012 Jul 21;380(9838):247-57. 

 (9)  Manns P.  Addressing the nonexercise part of the activity continuum: a more realistic 
and achievable approach to activity programming for adults with mobility disability? 
Phys Ther 2012 Apr;92(4):614-25. 

 (10)  Cabrera de Leon A, Rodriguez-Perez Mdel C, Rodriguez-Benjumeda LM, Ania-
Lafuente B, Brito-Diaz B, Muros de Fuentes M, et al. Sedentary lifestyle: physical 
activity duration versus percentage of energy expenditure. Rev Esp Cardiol 
2007;60(3):244-50. 

 (11)  Carr LJ, Mahar MT. Accuracy of intensity and inclinometer output of three activity 
monitors for identification of sedentary behavior and light-intensity activity. J Obes 
2012;2012:460271. 

 (12)  de Leon AC, de la CR-P, Rodriguez-Benjumeda LM, Ania-Lafuente B, Brito-Diaz B, de 
Fuentes MM, et al. Sedentary lifestyle: physical activity duration versus percentage of 
energy expenditure. Rev Esp Cardiol (Engl Ed) 2007;60(3):244-50. 

 (13)  Gardiner PA, Clark BK, Healy GN, Eakin EG, Winkler EA, Owen N. Measuring older 
adults' sedentary time: reliability, validity, and responsiveness. Med Sci Sports Exerc 
2011;43(11):2127-33. 

 (14)  Kersten RF, Stevens M, van Raay JJ, Bulstra SK, Akker-Scheek I. Habitual physical 
activity after total knee replacement. Phys Ther 2012;92(9):1109-16. 

 (15)  Kozey-Keadle S, Libertine A, Lyden K, Staudenmayer J, Freedson PS. Validation of 
wearable monitors for assessing sedentary behavior. Med Sci Sports Exerc 
2011;43(8):1561-7. 

 (16)  Stevens M, Reininga IH, Bulstra SK, Wagenmakers R, Akker-Scheek I. Physical 
activity participation among patients after total hip and knee arthroplasty. Clin Geriatr 
Med 2012;28(3):509-20. 

 (17)  Taraldsen K, Chastin SF, Riphagen II, Vereijken B, Helbostad JL. Physical activity 
monitoring by use of accelerometer-based body-worn sensors in older adults: a 
systematic literature review of current knowledge and applications. Maturitas 
2012;71(1):13-9. 

 (18)  Varo JJ, Martinez-Gonzalez MA, De Irala-Estevez J, Kearney J, Gibney M, Martinez 
JA. Distribution and determinants of sedentary lifestyles in the European Union. Int J 
Epidemiol 2003;32(1):138-46. 



Pollard, Gail F 
 

11 
 

 (19)  Winkler EA, Gardiner PA, Clark BK, Matthews CE, Owen N, Healy GN. Identifying 
sedentary time using automated estimates of accelerometer wear time. Br J Sports 
Med 2012;46(6):436-42. 

 (20)  Tremblay MS. New Canadian physical activity guidelines.   Appl Physiol Nutr Metab 
2011;36(1):36-46. 

 (21)  Spicer DD, Pomeroy DL, Badenhausen WE, Schaper LA, Jr., Curry JI, Suthers KE, et 
al. Body mass index as a predictor of outcome in total knee replacement. Int Orthop 
2001;25(4):246-9. 

 (22)  Noble PC, Gordon MJ, Weiss JM, Reddix RN, Conditt MA, Mathis KB. Does total knee 
replacement restore normal knee function? Clin Orthop Relat Res 2005 Feb;(431):157-
65. 

 (23)  Walsh M, Woodhouse LJ, Thomas SG, Finch E. Physical impairments and functional 
limitations: a comparison of individuals 1 year after total knee arthroplasty with control 
subjects. Phys Ther 1998 Mar;78(3):248-58. 

 (24)  Bade MJ, Kohrt WM, Stevens-Lapsley JE. Outcomes before and after total knee 
arthroplasty compared to healthy adults. J Orthop Sports Phys Ther 2010 
Sep;40(9):559-67. 

 (25)  de Groot IB, Bussmann HJ, Stam HJ, Verhaar JA. Small increase of actual physical 
activity 6 months after total hip or knee arthroplasty. Clin Orthop Relat Res 2008 
Sep;466(9):2201-8. 

 (26)  McClung CD, Zahiri CA, Higa JK, Amstutz HC, Schmalzried TP. Relationship between 
body mass index and activity in hip or knee arthroplasty patients. J Orthop Res 2000 
Jan;18(1):35-9. 

 (27)  Schmalzried TP, Szuszczewicz ES, Northfield MR, Akizuki KH, Frankel RE, Belcher G, 
et al. Quantitative assessment of walking activity after total hip or knee replacement. J 
Bone Joint Surg Am 1998 Jan;80(1):54-9. 

 (28)  Tudor-Locke C, Brashear MM, Johnson WD, Katzmarzyk PT. Accelerometer profiles of 
physical activity and inactivity in normal weight, overweight, and obese U.S. men and 
women. Int J Behav Nutr Phys Act 2010;7:60. 

 (29)  Horton ES. Effects of lifestyle changes to reduce risks of diabetes and associated 
cardiovascular risks: results from large scale efficacy trials. Obesity (Silver Spring) 
2009 Dec;17 Suppl 3:S43-8.:S43-S48. 

 (30)  Janiszewski PM, Ross R. Physical activity in the treatment of obesity: beyond body 
weight reduction. Appl Physiol Nutr Metab 2007 Jun;32(3):512-22. 

 (31)  Zeni JA, Jr., Snyder-Mackler L. Most patients gain weight in the 2 years after total 
knee arthroplasty: comparison to a healthy control group. Osteoarthritis Cartilage 2010 
Apr;18(4):510-4. 

 (32)  Abu-Rajab RB, Findlay H, Young D, Jones B, Ingram R. Weight changes following 
lower limb arthroplasty: a prospective observational study. Scott Med J 2009 
Feb;54(1):26-8. 

 (33)  In Y, Kong CG, Kim JM, Choi NY, Sur YJ. Effect of Total Knee Arthroplasty on 
Metabolic Syndrome. J Arthroplasty 2009 Sep 10. 

 (34)  Felson DT, Goggins J, Niu J, Zhang Y, Hunter DJ. The effect of body weight on 
progression of knee osteoarthritis is dependent on alignment. Arthritis Rheum 2004 
Dec;50(12):3904-9. 

 (35)  Spicer DD, Pomeroy DL, Badenhausen WE, Schaper LA, Jr., Curry JI, Suthers KE, et 
al. Body mass index as a predictor of outcome in total knee replacement. Int Orthop 
2001;25(4):246-9. 

 (36)  Desmeules F. The burden of wait for knee replacement surgery: effects on pain, 
function and health-related quality of life at the time of surgery.  Rheumatology 
2010;49(5):945-54. 



Pollard, Gail F 
 

12 
 

 (37)  de Groot IB. Small Increase of Actual Physical Activity 6Months After Total Hip or 
Knee Arthroplasty. Clin Orthop Relat Res 2008 Sep;466((9):2201-8. 

 (38)  Rikli RE. Reliability, validity, and methodological issues in assessing physical activity in 
older adults.  Res Q Exerc Sport 2000;71(2 suppl):S89-96. 

 (39)  Atkin AJ. Methods of Measurement in epidemiology: sedentary Behaviour. Int J 
Epidemiol 2012 Oct;41(5):1460-71. 

 (40)  Faisal A.Barwais. ActiGraph GT3X determined variations in "free-living" standing, 
lying, and sitting duration among sedentary adults . Journal of Sport and Health 
Science 2013 Dec;2(4):249-56. 

 (41)  Grant PM. The validation of a novel activity monitor in the measurement of posture and 
motion during everyday activities. Br J Sports Med 2006;40:992-7. 

 (42)  Lyden K, Kozey Keadle SL, Staudenmayer JW, Freedson PS. Validity of two wearable 
monitors to estimate breaks from sedentary time. Med Sci Sports Exerc 
2012;44(11):2243-52. 

 (43)  Ryan CG. The validity and reliability of a novel activity monitor as a measure of 
walking. Br J Sports Med 2006;40(779). 

 (44)  Teresa L Hart, Ann M Swartz, Susan E Cashin, Scott J Strath. How many days of 
monitoring predict physical activity and sedentary behaviour in older adults? 
International Journal of Behavioral Nutrition and Physical Activity 2011;8:62. 

 (45)  Umstattd Meyer MR, Baller SL, Mitchell SM, Trost SG. Comparison of 3 accelerometer 
data reduction approaches, step counts, and 2 self-report measures for estimating 
physical activity in free-living adults. J Phys Act Health 2013;10(7):1068-74. 

 (46)  ActiGraph Resource Center.  2014. 8-1-2014.  
 (47)  Saeideh Aminian EAH. Examining the validity of the ActivPAL monitor in measuring 

posture and ambulatory movement in children.  Centre for Physical Activity and 
Nutrition, Centre for Child Health Research, Auckland University of Technology, 
Auckland, New Zealand . International Journal of Behavioral Nutrition and Physical 
Activity 2012;9:119. 

 (48)  Dawson J, Fitzpatrick R, Murray D, Carr A. Questionnaire on the perceptions of 
patients about total knee replacement. J Bone Joint Surg Br 1998 Jan;80(1):63-9. 

 (49)  Murray DW, Fitzpatrick R, Rogers K, Pandit H, Beard DJ, Carr AJ, et al. The use of the 
Oxford hip and knee scores. J Bone Joint Surg Br 2007 Aug;89(8):1010-4. 

 (50)  Bland JM. Statistical methods for assessing agreement between two methods of 
clinical measurement. Lancet 1986 Feb 8;8476:307-10. 

 (51)  Freedson P.  Calibration of the Computer Science and Applications, Inc. 
accelerometer.  . Med Sci Sports Exerc 1998 May;30(5):777-81. 

 (52)  Cain KLGCM. Accelerometer Data Collection and Scoring Manual For Adult and 
Senior Studies.  2011. San Diego California, San Diego State University.  

 (53)  Marshall S, Kerr J, Godbole S, Chen J, Ellis K, Wing D. Contemporaneous 
assessment of physical activity, sedentary behavior and sleep using an actigraph 
GT3X+ accelerometer. 2013 Jun 18; 2013. 

 (54)  Dawson J, Fitzpatrick R, Murray D, Carr A. Questionnaire on the perceptions of 
patients about total knee replacement. J Bone Joint Surg Br 1998;80(1):63-9. 

 (55)  de Groot IB. Actual everyday physical activity in patients with end-stage hip or knee 
osteoarthritis compared with healthy controls.  Osteoarthritis Cartilage 2008;16:436-42. 

 (56)  Ethgen O. Health-related quality of life in total hip and total knee arthroplasty: a 
qualitative and systematic review of the literature.  J Bone Joint Surg Am 2004;86:963-
74. 

 (57)  Noble PC, Gordon MJ, Weiss JM, et a. Does total knee replacement restore normal 
knee function? Clin Orthop Relat Res 2005;157:65. 



Pollard, Gail F 
 

13 
 

 (58)  Hart TL ABT-LC. Objective and subjective measures of sedentary behavior and 
physical activity. Med Sci Sports Exerc 2011;43:449-56. 

 (59)  Rosenberg DE, Bull FC, Marshall AL, Sallis JF, Bauman AE. Assessment of sedentary 
behavior with the International Physical Activity Questionnaire. J Phys Act Health 
2008;5 Suppl 1:S30-S44. 

 (60)  Jenny JY. Oxford Knee Score reliable for evaluation of knee function after knee 
replacement. Orthop Traumatol Surg Res 2012;98:409-12. 

 (61)  Jenny JY, Diesinger Y. The Oxford Knee Score: Compared performance before and 
after knee replacement. Orthop Traumatol Surg Res 2012 Jun;98(4):409-12. 

 (62)  Whitehouse S. The Oxford Knee Score; Problems and Pitfalls.  The Knee 
2005;12(4):287-329. 

 (63)  Abu-Rajab RB, Findlay H, Young D, Jones B, Ingram R. Weight changes following 
lower limb arthroplasty: a prospective observational study. Scott Med J 2009;54(1):26-
8. 

 (64)  Rowe P.  Knee joint kinematics in gait and other functional activities measured using 
flexible electrogoniometry: how much knee motion is sufficient for normal daily life? 
Gait Posture 2000 Oct;12(2):143-55. 

 (65)  Bourne . Role of obesity on the risk for total hip or knee arthroplasty.  lin Orthop Relat 
Res 2007;465:185-8. 

 (66)  Dunstan DW, Thorp AA, Healy GN. Prolonged sitting: is it a distinct coronary heart 
disease risk factor? Curr Opin Cardiol 2011;26(5):412-9. 

 (67)  Owen N, Sparling PB, Healy GN, Dunstan DW, Matthews CE. Sedentary behavior: 
emerging evidence for a new health risk. Mayo Clin Proc 2010;85(12):1138-41. 

 (68)  Vissers MM, Bussmann JB, de Groot IB, Verhaar JA, Reijman M. Physical functioning 
four years after total hip and knee arthroplasty. Gait Posture 2013;38(2):310-5. 

 (69)  Walsh M, Woodhouse LJ, Thomas SG, et a. Physical impairements and functional 
limitation: a comparison of individuals 1 year after total knee arthroplasty with control 
subjects. Phys Ther 1998;78:248-58. 

 



Pollard, Gail F 
 

14 
 

Appendix:  List of Figures 

 

Figure 1:  Inclinometer data Example pie chart generated from ActiGraph software 
demonstrating percentage of time spent in different postures over the seven day period (from 
representative participant). 

 

 

Figure 2:  Accelerometer activity count data  
Example plot generated from ActiGraph software demonstrating activity counts over one day 
(for representative participant).  Based upon Freedson 1998 cut points, accelerometer data 
determines the amount of time spent in sedentary, light, moderate, vigorous and very vigorous 
activity. 
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 activPAL Sedentary ActiGraph Sedentary 

 Average 

Accuracy 

Average      

Predictive Value 

Average 

Accuracy 

Average 

Predictive Value 

40 Patients 89.9 % (SD 23.9%) 99.9% (SD 0.6) 58.4%* (SD 32.3) 92.8% (SD 13.1) 

 

 activPAL Upright ActiGraph Upright 

 Average 

Accuracy 

Average 

Predictive Value 

Average 

Accuracy 

Average 

Predictive Value 

40 Patients 83.6% (SD21.4%) 83.8% (SD 30.0) 54.3%* (SD 32.3) 70.7% (SD 38.9) 

Table 1:  Comparison of activPAL and ActiGraph Accelerometer Data for Detecting 
Sedentary and Upright Postures. *indicates significant difference (Paired T-test, p<0.05) 
 

  BMI Mean +/- Standard deviation 

(%) 

 

  Healthy 
n=7 

Overweight 
n=13 

Obese 
n=21 

BMI Device BMI X 

Device 

Sedentary  
Accuracy 
 

activPAL 
 

ActiGraph 

97.36 
+/-3.04 

97.57 
+/- 2.50 

82.55  
+/- 30.41 

 
0.658 

 
<0.001* 

 
0.004* 

43.9 +/- 
37.86 

46.3 +/- 
33.92 

72.22  
+/- 24.98 

 
Predictive 
Value 

activPAL 
 

ActiGraph 

99.47 
+/-1.51 

99.89   
+/-0.26 

100  
+/- 0 

 
0.021* 

 
<0.001* 

 
0.022* 

81.17 
+/-26.25 

97.59  
+/- 2.92 

93.75  
+/- 5.94 

Upright  
Accuracy 
 

activPAL 
 

ActiGraph 

88.85 
+/10.53 

85.05  
+/- 8.86 

81.58 +/-
29.17 

 
0.648 

 
<0.001* 

 
0.954 

64.32 
+/-20.93 

53.15  
+/- 24.71 

52.75  
+/-31.36 

 
Predictive 
Value 

activPAL 
 

ActiGraph 

91.88 
+/-3.78 

95.85  
+/-13.01 

72.57  
+/-37.01 

 
0.139 

 
0.03* 

 
0.18 

55.92 
+/-43.45 

81.3  
+/-35.51 

68.91  
+/-39.84 

Table 2:  ANOVA analysis investigating differences in 4 outcomes with respect to device 
used and Body Mass Index (BMI). Post hoc pairwise comparisons were done with Tukey’s 
test.  * indicates a significant difference (p<0.05) 
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Figure 3:  Bland Altman plot of activPAL detected sedentary posture 
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Figure 4:  Bland Altman plot of activPAL detected upright posture 
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Figure 5:  Bland Altman plot of ActiGraph detected sedentary posture 
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Figure 6:  Bland Altman plot of ActiGraph detected upright posture 




